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The SES 50is a very high resolution
analyzer complete with electronics
and software. The 50 mm full hemi-
spherical analyzer is Herzog-plate ter-
minated and is equipped with resolu-
tion optimization electrodes.

The multi-element lens system is com-
pletely customized to suit (almost) any
measurement situation. For in-stance
the lens can be optimized for variable
angular dispersion over its kinetic
energy scan range. Other possibil-
ities are different lens magnifications
or optimization for maximum trans-
mission from a specified sample area. 

The detector system consists of a
MCP detector and a 2-D resistive
anode encoder which offers a reso-
lution of 256 by 256 pixels. The data
acquisition system enables parallel
recording of up to 128 spectral 
‘slices’, which can represent slightly
different sample positions or take-off
angles. An analog output from the
detector enables real-time optimiza-
tion of the experiment set-up. 

The high voltage system is built up of
modules of highly stable and linear
power supplies. All electrode volt-
ages have ripple and noice levels 

<< 1 mV even in environments with
strong electromagnetic interferenc
The analyser is completely con
trolled from the PC via an optic 
bus using menu controlled softwar
The analyzer is designed to be moun
ed inside an existing vacuum cham
ber. It can be fixed to a goniome
internal frame etc. via 4 mount
holes on the back side of the ou
hemisphere. All electrical connect
to the spectro-meter can be made v
one single CF35 flange. 
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P.O. Box 15 120  |  S-750 15 Uppsala  |  Sweden
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Features:

< 3 meV energy resolution

Angle multiplexing recording

from small area samples

Extremely low noise, high 

stability power supplies

Customized lens design

Multi-channel resistive anode 

detector

Main application:

High resolution electron 

spectroscopy

High resolution 

photo-electron diffractionion

High resolution angular 

resolved spectroscopy

•
•

•

•
•

•

•

•

SCIENTA SES 50

ELECTRON SPECTROMET

Scienta spectrometers at ALS

The SES 2002is a full hemispherical
analyzer specially designed for very
high resolution spectroscopy. The
analyzer is Herzog-plate terminated
and is equipped with an accelerat-
ing/retarding multi-element electro-
static lens system. 

The analyzer is equipped with an
adjustment facility to achieve optimum
focussing, ensuring close to theoreti-
cal energy resolution down to the
lowest pass energies. Double µ-metal
shielding ensures optimum perform-
ance even in the presence of strong
magnetic fields.

The lens can be utilized in several
modes of operation in order to give
optimum performance in different
types of experiments. Switching be-
tween different modes is done from
the software.

In the unique angular mode a diffrac-
tion plane is made to coincide with
the entrance slit plane facilitating
parallel multi angle recordings. Since
no acceptance angle reducing aper-
ture is used the highest angular res-
olution is achieved with minimal loss
of intensity. 

The detector system consists o
a chevron mounted micro-channel 
plate detector with a phosphor scr
and CCD-camera. The 2-D read-out
of the detector enables real-ti
optimization of the experiment set

The high voltage system is built u
modules of highly stable and lin
power supplies. The high voltage s
tem is galvanically decoupled from 
control computer via a fiber optic

Gammadata Scienta AB

P.O. Box 15 120  |  S-750 15 Uppsala  |  Sweden

Phone: +46 18 480 58 00  |  Fax: +46 18 555 888  |  E-mail: info@gammadata.se  |  Internet: www

Features:

< 2 meV energy resolution

Angle multiplexing recording 

from large area samples

Extremely low noise, high 

stability power supplies

Double µ-metal shielding

2-D CCD multi-channel 

detection system, > 400 

energy channels

Light weight design

Main application:

High resolution electron 

spectroscopy

High resolution photoelectron 

diffraction

High resolution angular 

resolved spectroscopy

High resolution 

spectromicroscopy

•
•

•

•
•

•

•

•

•

•

SCIENTA SES 200

ELECTRON SPECTROMET

The SES 100is a new, high perform-
ance electron analyzer. It is based on
the same technology as the SES
2002 but is smaller in size and
somewhat simplified. It is specially
designed to have high energy resolu-
tion combined with high flexibility in
the unique angular resolved mode. It
is small in size to facilitate transpor-
tation between different beam lines
and rotation around the incoming light
beam.

The unique angular mode allows the
user to work with a variable angular
dispersion, thereby optimizing the
angular resolution for each type of
experiment. Since the angular mode
works without any acceptance angle
reducing aperture, but multiplexes the
angular data acquisition, the highest

angular resolution can be achieved
with minimal loss of count rate. 

The angular mode is extremely versa-
tile, as an example it is possible to
obtain an angular resolution of better
than 5 mrad. within an angular inter-
val of ± 100 mrad. or an even better
angular resolution, < 1 mrad. within
an interval of ± 30 mrad., for source
sizes up to Ø 1 mm.

The SES 100 has double µ-metal 
shielding and utilizes the highly stable
and linear power supplies needed to
achieve the ultra high performance of
the Gammadata Scienta SES-analyz-
ers.

The software is built on a dynamic-link
library (DLLs) where the spectrom-

eter interface is available to th
It enables the user to write thei
software to control the data acqu
tion of the analyzer together with 
equipment in a large experiment s
up. 

The SES 100analyzer has a working
distance of 45 mm to allow fo
large samples and space for 3-D
movements of the sample. The dis
tance from the mounting flange
(NW100CF) to the sample is 400 mm
to make it possible to mount the SES
100 analyzer on large sample analy
sis chambers.

Gammadata Scienta AB

P.O. Box 15 120  |  S-750 15 Uppsala  |  Sweden
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Features

< 3 meV energy resolution 

Angle multiplexing recording 

with variable angular 

dispersion and resolution

Extremely low noise, high 

stability power supplies

Double µ-metal shielding

2-D multi-channel detection 

system, > 400 energy channels

Main application:

High resolution electron 

spectroscopy

High resolution photoelectron 

diffraction

High resolution angular 

resolved spectroscopy

•
•

•

•
•

•

•

•

SCIENTA SES 10

ELECTRON SPECTROMET

BL-10.0.1 (2)
BL-12.0.1 (1)

BL-7.0.1
BL-12.0.1
BL-9.3.2
BL-8.0.1

NONE
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Other facilities also have it:

NSLS, Brookhaven: SES-200 (1)

SSRL, Stanford: SES-200 (1+)

SRC, Stoughton: SES-200 (1+), SES-50

CAMD, Baton Rouge: SES-200 (1)
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Photoemission /inverse photoemission/

Experiment Data

Important parameters:
Energy resolution (~20 meV)
Angular resolution (~2º )

Excitation Radiation
• photon energy
• polarization
• angle of incidence

Photoelectrons
• kinetic energy
• emission angle
• polarization

s
p hν

e

Θφ

n

sample
hole

Energy Distribution Curves 
(photocurrent vs. kinetic energy) 
measured at certain emission angle

Electron momentum (Å-1)

hν

e

e

Core levels

Delocalized states

Aim: learn Electronic structure or Chemical composition
Approach: fitting Data using appropriate models
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A.V. Fedorov et al., PRL 73, 601 (1994)

Surface core level shifts in 4-f metals

A.V. Fedorov et al., PRL 70, 1719 (1992)

R CF AUS E
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A.V. Fedorov et al., PRB 50, 2739 (1994)

A.V. Fedorov et al., PRL 82, 2179 (1999)

Electronic structure  of
High Temperature Superconductor
And Ferromagnetic Gd 
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What is an electron spectrometer?

e

Intensity, Energy,
and Emission angle

Θ

Plus:
Excellent resolution

Multiplexing

Good apparatus
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Hyperbolic field analyzer
/M. Jacka et al., RSI 70, 2282 (1999)/
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Display Analyzer
/single energy, all angles/
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Double toroidal analyzer
/C.Miron et al., RSI 68, 3728 (1997)/

Energy window: ∆E~15% PE
Resolving power: EP/δE ~100 

FIG. 8. ~a!The image on the PSD of the 1s(NC ,NT) photoelectrons of N2O molecule excited with hn5 470 eV photons, recorded with the DTA. ~b!The
corresponding I(r) spectrum.
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V.D. Belov and M.I. Yavor, RSI 71, 1651 (2000)

B. Wannberg, U. Gelius, and K. Sieghban, 
J. Phys. E, Sci. Instrum. 7, 149 (1974)

R.C.G. Leckey, J. Electron Spectr. Relat. 
Phenom. 43, 183 (1987)

Suggested reading:
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Sample

Excitation
radiation

hν
Photoelectrons

New Instrumentation from Gammadata-Scienta

Magnifying
high-transmission
imaging Electron Lens 

Energy

A
ng

le

Wide-band Energy Analyzer

2-Dimensional (Energy and Angle)
high-resolution electron detector

EP/δE ~1400
EP= 2eV, <2meV
δΘ~10 mrad
δS~9 µm
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2-dimensional detector
/Micro-channel plates coupled to the phosphor screen/

Is it:
Fast
Uniform
Linear
Stable

?
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2
4

6
8

10 16.0
16.5

17.0
17.5

18.0

PE 2 eV
Angular mode 1
Swept mode

Kinetic Energy (eV)

Angle (some units)

Solving detector mysteries
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Engineering expertise
is essential  for making
our analyzers to work

Magnetic screens /µ-metal/ go inside the chamber 
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Charge Density Waves
R.E. Peirls, Quantum Theory of Solids (Clarendon, Oxford, 1955); H. Fröhlich, Proc. R. Soc. Lond. A 223, 296 (1954); 

A.W. Overhauser, Phys. Rev. 167, 691 (1968); S.-K. Chan and V. Heine, J. Phys. F 3, 795 (1973)

G. Grüner, Density Waves in Solids (Addison-Wesley, Reading, 1994)

1. Lets take one-dimensional electron gas...

a
ε F Fk

m
=
η2 2

2
k N

aF =
0

2
π

qdeqr
q

rqi ρρρ ρρ

∫= )()( φφ

2. Consider response of an electron gas
to a time independent potential:

3. Rearrangement of the charge density:

4. χ(q)–Lindhard response function:

χ(q) diverges at q=2kF

⇓
One-dimensional gas is unstable

with respect to the formation of  a
periodically varying electron charge density
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= 352. k TB CDW
MF

Consequences of charge modulation
/and electron-phonon coupling/

Periodic lattice modulation
and Pierls transition /opening of a gap at kF/

Modification of phonon spectrum
/Kohn anomaly or phonon softening at 2kF/

q2kF

ωq

1D

2D
3D

CDW in a real system: K0.3MoO4

Quasi-one-dimensional 
crystal structure

X-ray scattering Resistivity ARPES spectra at kF

EF400

150 K

200 K



21

Electronic structure of K0.3MoO3
/tight-binding calculations/

M.-H. Whangbo and L.F. Schneemeyer, Inor. Chem. 25,2424 (1986)
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Temperature (K)

Structural studies of CDW in K0.3MoO3
/incommensurate to commensurate transition/

Temperature dependent neutron scattering
M.Sato, H. Fujishita and S.Hoshito,

J. Phys. C: Solid State phys., 16, L877 (1983)

q CD
W

Diffuse X-ray scattering
J.-P. Pouget et al.
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Electron Momentum along ΓΧ (Å-1)
0.2 0.3 0.4

EF

0.1

0.2

Bi
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V

)

hν = 21.4 eV

Direct monitoring electron bands in K0.3MoO3
/3-D maps of photocurrent/

Experimental details:

Samples cleaved in situ

Liquid He cryostat provides
temperatures from 
~20 K to ~450 K

Temperature monitored with 
OMEGA CY7 sensor
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Electron Momentum along ΓΧ (Å-1)

kF1

kF2

0.2 0.3 0.4

Momentum Distribution Curves at EF

T=300 K

200 K

180 K

150 K

120 K

100 K

80 K

62 K

40 K
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Present work

Neutron scattering
R.M. Flemming, L.F. Schneemeyer 
and D.E. Moncton, PRB 31,899 (1985)

Temperature (K)
50 150 250

Incommensurate to commensurate CDW 
transition in K0.3MoO3

/viewed by photoemission/

1-
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+

k F2
] a
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CD

W
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×
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)

0.255

0.250

0.260

0.265
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   Γ

Χ

ΥΥ

t//

t⊥

coupling along
chains

coupling between
chains in a unit cell

t interchain
coupling

t reduced by 10%

kF1

kF2

Fermi surface is given by:

µ = -2cos(k//) ± (t⊥ + 2t⊥ t cos(k⊥ )+t)1/2

Fermi surface of an array of coupled chains
/tight binding calculation/

A.V. Fedorov et al., Journal of Physics: Condensed Matter (Letters to the Editor) 12, L191 (2000)



27Binding Energy (eV)

EF0.10.20.3

∆Θ = ± 0.1°

∆Θ = ± 1°

k = kF

Suppression of spectral weight in photoemission
from low-dimensional conductors:
influence of momentum resolution
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